Scheimpflug photography is a well recognised technique for obtaining sagittal views of the anterior structures of the human eye in vivo. A new generation of Scheimpflug camera, which uses a CCD (charge coupled device) instead of film, permitting the digitised image achieved to be directly analysed using computerised linear scanning densitometry, is described. The advantages and present limitations of this system over the older film using system are discussed and the reproducibility of the new CCD system in its ability to measure certain features of the crystalline lens is presented.
The technique of Scheimpflug photography has been shown to be of value in the study of the structures of the anterior segment of the e y e.I.2·H5 In order to apply this method to the investigation of cataract the sources of vari ability must be studied and quantified.
Film-based systems have several disadvan tages when considering long term clinical trials. These are mostly based on the repro ducibility of film deve. lopment techniques and the question of storage over a period of years. Many of these disadvantages can be overcome b y the use of CCO (charge coupled device) technology.
In this study we present the inter and intra observer reproducibility of the Oxford CCO Scheimpflug slit-image camera used in con junction with the Oxford Modular Cataract Image Analysis System,4 supplied by Marcher Enterprises Ltd. *
Method
The Oxford CCO Scheimpflug slit image camera is of the same basic design as that described by Brown in 1969, 6 with the film replaced by a CCO. The method of photogra phy and image analysis was the same as that described by Sparrow.4 The new CCO system controls for accurate fixation and alignment of the eye in the same way as the film using cam era and also has an added feature that allows images only to be grabbed when the eye is in the correct position. This facility can be manually overridden when it is desire able to take off axis images.
The subjects were patients attending the Clinical Cataract Research Unit at the Oxford Eye Hospital. The patient selection was random and was not intended to be repre sentative of any particular group. All the sub jects were maximally dilated with Tropicamide 1 % and Phenylepherine 10%.
Interobserver variability of the photogra phy was estimated by two different observers photographing twenty eyes of ten subject on the same day. Between photographs the sub- jects were asked to sit back from the camera apparatus. The CCD gain setting was kept constant throughout. The analysis was per formed by one of the observers several weeks after the photographs were taken. Seven fea tures were measured for each photograph. These were: the central nuclear dip, the anterior cortical peak (Cl), the deep cortical peak (C3), the anterior and posterior nuclear areas, the anterior chamber depth and the total lens width. The system can also estimate the lens radius of curvature which was not measured in the present study.
The anterior and posterior nuclear areas are planimetric measurements taken from an area of the densitogram tracing 1 mm in front of and 1 mm behind the central nuclear dip respectively.
The coefficients of variation and the 95% confidence intervals for the differences between measurements were calculated for each feature.7
Interobserver variability of the analysis was estimated by analysing 20 different photo graphs on two separate occasions by two dif ferent observers. The same seven features were measured and the coefficients of vari ation with the 95% confidence intervals for the differences were calculated.
Intraobserver variability of the photogra phy and analysis combined was estimated by one observer photographing 20 eyes of 10 sub jects on two occasions three weeks apart. The photographs were then analysed by that same observer.
In every case the analysis was performed in a blind manner so that the observer was una- ware of the result of any previously performed analysis.
Analysis was performed using a dedicated image analysis PC, the program being mouse driven.
The photograph is displayed on a video monitor whilst the computer screen shows the instruction screens and microdensitometry traces (see Fig 1) .
Firstly, the photograph is standardised by reference to the two internal standard densi ties displayed in the upper right hand corner of the captured image. Once calibrated for neutral density, the computer prepares a micro-densitometry trace by averaging the values of a horizontal strip of 10 pixels through the centre of the image.
The seven parameters measured can be separated by type: (1) Biometry; anterior chamber depth and total lens width (2) Densitometry; measurement of peaks and the central nuclear dip. On the typical trace two anterior peaks are easily identifi able. The first peak represents the capsule and the subcapsular cortex (C1 peak) and the second peak represents the deep anterior cor tex (C3 peak) respectively (8).
(3) Planimetry; measurement of the area under the densitometry curve. The limits of each area being defined by the analyser using the mouse and the cursor visible over the video image. The anterior and posterior nuclear areas were measured in this way by defining the central nuclear dip and measur ing the area under the curve for 1 mm either side of this. The results of the interobserver variability of photography are shown in Table I , while those of the interobserver variability of analysis and those of intraobserver variability of photogra phy and analysis combined are shown in Tables II and III respectively. The 95% con fidence intervals for the differences between the area measurements are greater because these measurements are much larger.
In general the results fall within acceptable limits of repeatability. 5 Only the results for the C3 peak for both intra and inter observer vari ability for the photography were above 5%. Using a CCD camera, images are taken In addition using a CCD, live images can be transferred to a video tape allowing dynamic studies of, for example, accommodation.
In designing a CCD slit-image camera a compromise has to be reached between resol ution and data handling plus storage. The the ability to resolve the detail of the capsule and of the anterior subcapsular clear zone is less than that of the older Brown" film using slit-image camera. This is partly because of the greater optical magnification of the film using camera at 1.75:1 (compared with 0.5:1 for the CCD), in which the geometric optics results in a more horizontally spread out image. It will be practical to increase the res olution of CCD images by making use of the advances in computer design and data stor age, which will allow the use of CCDs that are both physically larger and have a larger pixel array. With film it is possible to make colour photographs in order to analyse coloured fea tures. This is not possible with the present CCD, but colour analysis should be feasible with the use of a colour CCD.
The technique is most suited to measure ments of density confined to the nucleus and to biometric measurements. This is in agree ment with the work of Chylack et al.1O who also found slit-image photography to be more reliable for nuclear measurements.
We would recommend that for monitoring the progression of cataract, analysis ' of Sche impflug slit images should be used in conjunc tion with the analysis of retroillumination images, since the latter may prove to provide more information for the progression of corti cal opacities.
In our study, planimetry as compared to peak measurements for nuclear density came out well in terms of repeatability and may offer more information than a single peak measurement. This was not expected since a previous study by Hockwin et al. showed that planimetry was less repeatable than peak measurements. II In our study, however, pla nimetry was confined to the central nucleus whereas Hockwin extended his measure ments to the whole lens.
In general, we believe that the introduction of CCD technology has brought about a con siderable advancement in the field of lens opacity quantification. There is room for improvement, however, and in the years to come we should see the development of systems with superior resolution.
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